post hoc testing indicating that the intervention group improved in accuracy following motor training [χ 2 (df = 1, p = 0.001) = 11.77] while the placebo group had worse accuracy [χ 2 (df = 1, p = 0.006) = 7.67]. the improved performance in the presence of capsaicin provides support for the enhancement of knowledge acquisition with the presence of nontarget stimuli. In addition, the increase in sEP peak amplitudes suggests that early sEP changes are markers of sMI changes accompanying motor training and acute pain.
Introduction
there are numerous situations where motor skills are learned and/or executed in the presence of pain, e.g., athletes performing with a painful limb and rehabilitation for people with neuropathic pain due to diabetes or multiple sclerosis. In motor skill acquisition, cortical neuroplastic changes are accompanied by an increase in motor performance, while in experimental or chronic pain, neuroplastic changes are often accompanied by a decrease in performance. Recent work suggests that the presence of acute nociceptive input during motor training interferes with skill acquisition (Boudreau et al. 2007) . It is therefore fundamental to understand at neurophysiological and behavioral levels, the mechanisms and conditions under which motor skill training in the presence of pain becomes maladaptive.
Early somatosensory evoked potentials (sEPs) (i.e., latency less than 100 ms) represent pre-cognitive sensory processing and provide a tool for assessing the neural correlates of activity within the sensorimotor integration (sMI) Abstract Experimental pain is known to affect neuroplasticity of the motor cortex as well as motor performance, but less is known about neuroplasticity of somatosensory processing in the presence of pain. Early somatosensory evoked potentials (sEPs) provide a mechanism for investigating alterations in sensory processing and sensorimotor integration (sMI). the overall aim of this study was to investigate the interactive effects of acute pain, motor training, and sensorimotor processing. two groups of twelve participants (N = 24) were randomly assigned to either an intervention (capsaicin cream) or placebo (inert lotion) group. sEP amplitudes were collected by stimulation of the median nerve at baseline, post-application and post-motor training. Participants performed a motor sequence task while reaction time and accuracy data were recorded. the amplitude of the P22-N24 complex was significantly increased following motor training for both groups F(2,23) = 3.533, p < 0.05, while Friedman's test for the P22-N30 complex showed a significant increase in the intervention group [χ 2 (df = 2, p = 0.016) = 8.2], with no significant change in the placebo group. Following motor training, reaction time was significantly decreased for both groups F(1,23) = 59.575, p < 0.01 and overall accuracy differed by group [χ 2 (df = 3, p < 0.001) = 19.86], with 1 3
areas of the brain (cruccu et al. 2008) , enabling the exploration of the early neuroplastic consequences of the interactive effects of pain and motor skill acquisition. Following repetitive movement, changes are seen in early sEP peaks (haavik and Murphy 2013; haavik taylor and Murphy 2007) . haavik taylor and Murphy (2007) found significant increases in the N20-P25 sEP complex and the P22-N30 sEP complex following the repetitive typing of the sequence of numbers 7,8,9 in ascending order. Recent work (haavik and Murphy 2013) has shown that the N24 sEP peak was significantly increased while the N18 peak was significantly decreased following a repetitive typing task which consisted of a 20-min thumb abduction task, indicating that early sEPs have the potential to demonstrate immediate neuroplasticity that is specific to the trained muscle. tinazzi et al. (1997) demonstrated increased sEP peak amplitudes following median nerve stimulation following anesthetic block of the ipsilateral ulnar nerve. Increased sEP peak amplitudes are also seen when deafferentation co-exists with pain (tinazzi et al. 1997; tinazzi et al. 1998 ). In addition, plasticity (i.e., altered excitability has been observed in response to acute and chronic pain in the absence of deafferentation with both subcortical and cortical changes (Dostrovsky and Guilbaud 1990; hodges and Moseley 2003; Neugebauer and li 2003; Maihöfner et al. 2003 Maihöfner et al. , 2010 Knecht et al. 1998; sörös et al. 2001; tinazzi et al. 2000 . Only one study has investigated the effect of experimental pain on early sEP amplitudes in healthy individuals, and this was a tonic muscle pain model (Rossi et al. 2003) . Rossi et al. (2003) found that tonic muscle pain induced a significant reduction in the N20-P25-N33 complex and a significant increase in the N18 wave. two other studies found that acupuncture and electrical stimulation could attenuate later sEP peak amplitudes in response to pain (Rottmann et al. 2008; Wang et al. 2006) . although Knecht et al. (1998) and sörös et al. (2001) found cortical reorganization in response to acute pain in healthy humans, no studies have measured early neurophysiological changes (i.e., <30 ms latency for upper limb nerves) in response to acute cutaneous pain, specifically using sEP peaks. tinazzi et al. (2000) found that the amplitudes of the N13, P14, N20, P27, and N30 sEP peaks were significantly increased and tinazzi et al. (2004) found that the amplitudes of the N20, P27, and N30 sEP peaks were significantly increased in individuals who were in chronic pain. there remains a gap in our understanding of the response of specific short latency cortical and subcortical sEP peaks to acute cutaneous pain in healthy humans, and the subsequent response of sEP peaks to motor training performed in the presence of acute cutaneous pain in healthy humans, which will be addressed by this study.
Motor training leads to improvements in task performance and increased representation of the muscle in the motor cortex (primary MI) (Karni et al. 1998; Pascualleone and torres 1993; hluštík et al. 2004) . In humans, positron emission tomography (PEt) (Grafton et al. 1992) , functional magnetic resonance imaging (fMRI) (Karni et al. 1998) , and transcranial magnetic stimulation (tMs) (Pascual-leone et al. 1995) studies have demonstrated an expansion of representations in the MI which correspond to trained movements (Pascual-leone and torres 1993). Increased excitability of the MI has been demonstrated with 1 week of daily 1-h novel tongue-protrusion training and also with a single 1-h of novel tongue-protrusion training (svensson et al. 2003, 2006) and for the hand MI following 2-4 weeks of novel motor training (Koeneke et al. 2006) .
In humans, Boudreau et al. (2007) demonstrated neuroplasticity following a motor training task of the tongue MI. this was reflected in an increased tMs-MEP stimulus-response curve and reduced MEP threshold, which was only significant for the placebo group. While motor training performance improved significantly in both groups, the improvement in the capsaicin group was significantly less. capsaicin is a widely used acute pain model and can be applied topically as it provides a pain stimulus with minimal contributions from other somatosensory modalities (Iadarola et al. 1998 ). capsaicin provides a strong acute pain stimulus, induces central sensitization, and transiently induces a variety of sensory abnormalities including hyperalgesia and allodynia (Iadarola et al. 1998) . the evidence suggests that pain alters cortical excitability (Knecht et al. 1998; tinazzi et al. 2000 sörös et al. 2001) , modulates the neuroplasticity associated with a motor training task (Boudreau et al. 2007) , and interferes with the improvements in performance that normally occur with novel motor training (Boudreau et al. 2007) . sMI is defined as the ability of the central nervous system to integrate afferent information from different body parts and formulate appropriate motor command outputs to muscles (haavik taylor and Murphy 2010). changes in somatosensory processing induced by the presence of acute pain would likely lead to altered sMI and subsequent impairment in the response to motor training as observed by Boudreau et al. (2007) , which was addressed by the current study. lateral epicondylitis (tennis elbow) affects 1.3 % of the adult population and is often associated with repetitive movements of the hands (shiri et al. 2006) . those afflicted often experience painful sensation even when light touch is applied over the lateral epicondyle and yet they often continue with motor performance of keyboard work despite elbow pain. the effect of elbow pain on motor performance of tasks involving the fingers is therefore of great interest and provides an interesting model to investigate the interaction of pain and motor performance. the purpose of this study was to investigate whether motor training acquisition in the presence of acute pain leads to significant differences in early sEP peaks (N18, N24, and N30) when compared with a placebo group, and whether these changes correlate to motor training performance. We investigated the primary hypothesis that a novel motor training task performed during acute pain (intervention group) as compared with controls (placebo group) would show differential changes in early sEP peaks related to sMI (N18, N24, and N30). Our secondary hypothesis was that participants performing a novel motor training task during acute pain would demonstrate decreased accuracy and increased reaction time when compared to a placebo group. the results of this study may provide insight into the impact of pain on motor training and contribute to our understanding of how acute pain may contribute to adaptive/maladaptive plasticity during motor training. these findings may also provide the basis for further research into this area with possible applications to rehabilitation and injury prevention strategies.
Methods

Methods overview
two groups of 12 participants, (13 males, 11 females; aged 20-41 (23.9 ± 6.3), were volunteers who were recruited from the student population at the University of Ontario Institute of technology. We aimed to recruit a healthy population under 50 years (18-50 years) given that peripheral conduction velocities have been shown to decrease after 50 years of age (Mauguiere et al. 1999) . Each participant was asked to fill out a confidential health history in order to identify any exclusionary medical conditions which could impact normal somatosensation including, but not limited to, recent cervicothoracic injury, neurologic conditions or the concurrent use of medication and was not suffering from a chronic pain condition.
Informed consent was obtained for all of these participants and the University of Ontario Institute of technology Research Ethics Board approved the study. this study was performed according to the principles set out by the Declaration of helsinki for the use of humans in experimental studies.
Participants were randomly assigned to either intervention or placebo groups using a randomization procedure generated in Excel™ (Microsoft, california, Usa). acute pain was induced by applying capsaicin cream, and sMI was assessed by recording early sEPs in humans. the effect of acute pain on signal transmission was assessed by investigating changes in the amplitude of sEPs from baseline, at 15 min post-application, and then following the motor training task (45 min from baseline).
Participants in the intervention group received a topical application of capsaicin (0.075 % Zostrix, New York, Usa) while the placebo group received a topical placebo skin lotion (life Brand, shopper's Drug Mart, Ontario, canada). Participants were not told which group they were in. a 5 cm by 10 cm area was marked off on the lateral aspect of the right elbow and then the topical cream was applied to this 50 cm 2 area on the lateral aspect of the right elbow and was massaged until visibly absorbed into the skin.
Outcome measures the main outcome measures for this study included the amplitude (mV) of the early sEP peaks, motor training accuracy (calculated as the number of correct responses pressed on a numeric keypad divided by the total number of combinations presented visually), reaction time from number sequence presentation to key press (ms), and pain (Numeric Pain Rating score).
Motor training task the motor training task consisted of a repetitive typing task in which participants were required to press keys on an external numeric keyboard with the dominant hand using the middle three fingers consecutively for a total of 20 min. custom E-Prime 2.0.10.242 (Psychology software tools, Inc., Pennsylvania, Usa) software was utilized to prompt participants through the typing task while recording the dependent variables (reaction time and accuracy). there were a total of fifteen six-number sequences randomized for the motor training task. the task consisted of a complex sequencing of three numbers, e.g., 9, 7, 8, 7, 9, 8, etc. In order to measure motor training acquisition, motor performance was assessed pre-and post-motor training which took approximately 2 min and consisted of a 15 × 6 = 90 sequence presented in random order. Participants then completed the motor training task which consisted of typing more sequences presented in random order for 20 min and then a 15 × 6 = 90 sequence presented in random order was performed post-motor training to provide a comparison back to baseline. Reaction time for each of these number combinations was recorded from the time of presentation of the numbers on the computer screen to the time of key press. Pain subjective pain was quantified using a Numeric Pain Rating scale (NPRs) in which participants graded the intensity of their pain from 0 to 10 (Dolphin and crue 1989). Participants in both groups were asked to rate their pain at baseline, post-application, post-motor training, and following the last round of sEP measurements in order to ensure that they are in acute pain throughout the experiment. stimulation of median nerve to elicit sEPs stimuli consisted of electrical square pulses 1 ms in duration delivered at frequencies of 2.47 hz through ag/agcl EcG conductive adhesive electrodes (MEDItRacE™ 130 by ludlow technical Products canada ltd., Massachusetts, Usa) (impedance <5 kΩ) placed over the median nerve at the wrist of the right hand, with anode proximal. Following this session, stimuli were then delivered at a frequency of 4.98 hz. sEP amplitudes were recorded at both rates since the slow rate 2.47 hz does not lead to N30 sEP peak attenuation (Fujii et al. 1994) . the fast frequency of 4.98 hz attenuates the N30 sEP peak, allowing better resolution of the N24 sEP peak (Fujii et al. 1994) . the amplitude attenuation of the N30 sEP peak thought to be due to interference from secondary afferent inputs which arise from peripheral stimulation (muscle, joint and/or cutaneous) as an effect of efferent volleys initiated from the point of stimulation (Fujii et al. 1994 ). the N24 is not attenuated by this faster rate and thus the faster stimulation rate enables this peak to be more easily visualized as it emerges more clearly with the N30 attenuated. the stimulus intensity was increased until motor threshold was attained. this ensured that the 1a afferents, which have a lower threshold than motor efferents, were also being stimulated and that the stimulation level was well below that which would be painful. Motor threshold was defined as the lowest stimulation intensity that evoked a visible muscle contraction of the abductor pollicis brevis muscle. sEP recording parameters sEP recoding electrodes (1.8 m long traditional Grass™ lead, 10 mm disk, 2 mm hole gold cup EEG electrodes, Grass technologies, an astro-Med, Inc. subsidiary, Massachusetts, Usa) (impedance <5 kΩ) were placed according to the International Federation of clinical Neurophysiologists (IFcN) recommendations using Grass technologies EEG adhesive conducting paste (type tEN20™). Recording electrodes were placed on the ipsilateral Erb's point, over c5 spinous process (cv5), the anterior neck (tracheal cartilage), 2 cm posterior to contralateral central c3/4, referred to as cc', and a frontal site (6 cm anterior and 2 cm contralateral to cz), referred to as the Rossi site (Rossi et al. 2003) . the c5 spinous process was referenced to the trachea while all other electrodes were referenced to the ipsilateral earlobe (Pinna). a 1.8288 m traditional lead, 10 mm disk, 2 mm hole gold cup EEG electrode was also used as a ground, placed in the mouth of participants. Participants were seated in a quiet room, on a reclining chair to minimize movement of recording electrodes. sEPs were recorded at baseline, 15 min post-application, and then immediately following the motor training task (45 min from baseline).
the sEP signal was amplified (Gain 10,000), filtered (0.2-1,000 hz) and stored on a laboratory computer for later retrieval. a total of 1,500 sweeps were averaged per stimulation rate using a purpose written signal ® configuration (cambridge Electronic Design, England, UK). the averaged waveform was displayed in an analysis window from which the amplitudes of the specific waveforms of interest were measured. sEP peak amplitudes were measured according to the IFcN guidelines (cruccu et al. 2008) . We identified and analyzed the peak-to-peak amplitude (mV) and latency (ms) of the following sEP components: the peripheral N9, the spinal N11 and N13, the far-field P14-18 complex, the parietal N20 (P14-N20 complex) and P25 (N20-P25 complex), and the frontal N24 (P22-N24 complex) and N30 (P22-N30 complex). the raw data was continuously examined during data collection to identify artifacts, particularly continuous low amplitude artifacts that may be present (Mauguiere 1999) . None of the trials contained any artifacts and sEP amplitudes were measured from the averaged traces beginning at the peak of interest to the preceding or succeeding peak of opposite deflection, according to international recommendations (Nuwer et al. 1994 ) and previous studies in this field Borenstein 1987, 1991; sonoo et al. 1991) . statistical analysis sEP peak amplitudes were normalized to baseline (prior to cream application) values to account for inter participant baseline variability and to allow for between participant comparisons. Mauchly's test of sphericity and the shapiroWilk test for normality was run on each sEP peak. a mixed design repeated measures aNOVa (with condition as the repeated measure and group (capsaicin, placebo) as the grouping variable) was performed on the group data for the sEP peaks which were normally distributed. If the overall aNOVa was significant, individual post hoc comparisons were performed using t tests to determine individual differences. For those peaks that were not normally distributed, a Friedman's test (the nonparametric equivalent to a repeated measures aNOVa) was run on the overall data. the Friedman test does not provide an interaction effect statistic. If the Friedman test was significant, we performed either a post hoc Friedman's or Mann-Whitney test to determine individual differences.
the shapiro-Wilk test for normality was run on our measures of motor training performance. a mixed model repeated measures aNOVas were performed to measure changes in reaction time with group (intervention, placebo) as the grouping variable. For the accuracy data, a chi-square test (4 × 2) was used with post hoc chi-square tests planned if the overall chi square was significant. the shapiro-Wilk test for normality was run on our NPRs scores. a mixed model repeated measures aNOVa was performed using the dependent variable of NPRs score and independent variable of condition. statistical analysis was performed using IBM sPss statistics for Windows, Version 19.0 (armonk, NY: IBM corp). statistical significance was set at p < 0.05.
Results
a total of 24 participants were tested and none of the participants withdrew. there were no significant differences in demographics (age and gender) between groups. the intervention group consisted of seven females, five males while the placebo group consisted of six females, six males. the mean age for the intervention group was 24.5 ± 6.6 while the mean age for the placebo group was 23.4 ± 2.0. sEP the amplitude of the P22-N24 complex was significantly increased following motor training in both groups, and the amplitude of the P22-N30 complex was significantly increased following motor training for the intervention group (see table 1).
For the N24 sEP peak amplitudes, the shapiro-Wilk test for normality demonstrated that all of the categories were normally distributed except for post-motor training (placebo group); hence a repeated measures mixed design aNOVa was run on the N24 sEP peak data. there was a significant main effect of the repeated measures aNOVa F(2,23) = 3.533, p < 0.05 for the N24 sEP peak. the interaction effect of sEP amplitude by group was not significant (p = 0.828). Post hoc paired t tests comparing postapplication and post-motor training sEP peaks to baseline values demonstrated that significant changes in sEP amplitude occurred following motor training (p = 0.009) rather than following the application of the cream (p = 0.151) (see table 2 ). an 18.5 % increase in the N24 sEP peak was observed following motor training in the placebo group and a 29.6 % increase in the N24 sEP peak following motor training in the intervention group.
For the N30 sEP peak amplitudes, the shapiro-Wilk test for normality demonstrated that while the placebo group approached normality post-application, the intervention group was non-normally distributed post-application and post-motor training. therefore, a Friedman's test (the nonparametric equivalent to a repeated measures aNOVa) was run on the overall data, and this was significant [χ 2 (df = 2, p = 0.006) = 10.4]. the Friedman test does not provide an interaction effect statistic. therefore, individual Friedman tests were run for intervention and placebo groups, and a significant effect was seen in the intervention group [χ 2 (df = 2, p = 0.016) = 8.2], with no significance in the placebo group [χ 2 (df = 2, p = 0.144) = 3.88] a post hoc Mann-Whitney test on the intervention group data showed that the significant increase occurred post-motor training compared to baseline (p = 0.003) rather than after the capsaicin application (see table 2). a 9.0 % increase occurred in the placebo group, with a 20.0 % increase in the intervention group for the N30 peak following motor training.
For the N20, N13, and N18 peak, normality was met in all conditions. the Mixed design aNOVa was used to assess these peak changes. No significant differences were seen. For the N9 and N24 peak, only the post-motor training condition in the placebo group was non-normally distributed. all other categories were normal. For these peaks (N9 and N24), it is likely that the conclusions drawn from the data using an F-test will be accurate. that is, type I and type II errors will not be inflated if the data are skewed and deviations in kurtosis will only affect power if the sample size is low (streiner 2008). We therefore conducted a mixed design aNOVa on these peaks, and no significant differences were seen. For the P25 peak, normality was not seen in the placebo group post-application and following motor training. the Friedman test showed no change in either group. the normalized averages for the peaks are illustrated in Figs. 1 and 2 . Figure 3 illustrates the raw data from a representational intervention subject indicating cortical peaks. . at baseline, the placebo group got 19 incorrect responses out of 1,080, while the intervention group got 37 incorrect responses out of 1,080. Post-motor training the placebo group got 40 incorrect responses out of 1,080 while the intervention group got 13 incorrect responses out of 1,080. In order to determine whether these changes were significantly different from each other, an independent sample t test (assuming unequal variances) was performed on the difference scores pre-and postmotor training between the two groups. the placebo group made on average 1.92 more errors and the intervention group made on average 1.75 fewer errors. this difference was significant (p = 0.032). the accuracy data for the placebo and intervention groups are illustrated in Fig. 4 .
Reaction time
the repeated measures aNOVa for the reaction time data found a significant difference following motor training F(1, 23) = 59.575, p < 0.01. subjects in the placebo group demonstrated a decrease from to 538.2 to 452.4 ms, a 15.9 % percent decrease; subjects in the intervention group decreased from 500.9 to 382.8 ms, a 23.6 % percent decrease (see Fig. 5 ). the interaction of reaction time by group was not significant.
Pain ratings a repeated measures aNOVa found significant differences in subjective pain levels relative to baseline were observed for the intervention group post-application F(3,23) = 123.857, p < 0.01, post-motor training F(3,23) = 32.275, p < 0.01, and post-motor training (45 min mark) F(23,3) = 8.679, p = 0.001. the average Fig. 4 Bar graph depicting the total number of accurate responses by group. Error bars represent the standard deviation. significant differences are indicated by asterisks demonstrating that following motor training the intervention group improved in accuracy while the placebo group had worse accuracy Fig. 5 Bar graph depicting the average reaction time pre-and postmotor training for the intervention and placebo groups. Error bars represent the standard deviation. significant differences for both groups are indicated by an asterisk Fig. 6 line graph depicting averaged NPRs ratings of subjects in the placebo and the intervention groups. Error bars represent the standard deviation. significant differences post-application for the intervention group are indicated by asterisks NPRs ratings are illustrated in Fig. 6 . None of the participants in the placebo condition reported any pain.
Discussion
the results of our study support our hypothesis of differential changes in early sEP peaks evoked following motor training for the intervention group as compared to the placebo group as the amplitude of the P22-N30 complex was significantly increased following motor training in the intervention group. as expected, significant increases in a sEP peaks related to sensorimotor integration and motor training (N24) were observed for both groups following motor training. the N11 and N13 peaks reflect the ascending volley arriving and entering the spinal cord, respectively, while the P14 peak arises from the lower brainstem (Mauguiere et al. 1999 ). these peaks were tested in order to measure whether capsaicin led to any subcortical changes. as there were no significant differences in these peaks, we can conclude that the intervention condition did not lead to significant subcortical changes. We observed significantly greater accuracy with the intervention group when compared with the placebo group, refuting our secondary hypothesis. significant decreases in reaction time were observed for both groups, suggesting that motor training performance had improved, but there was no interactive effect of pain on the magnitude of the improvement, again refuting our secondary hypothesis.
N24: anatomy and function the N24 peak reflects activity in the pathway between the cerebellum and primary somatosensory cortex and has the potential to show changes in cerebellar activity (Rossi et al. 2003) . source localization has identified the posterior wall of the central sulcus in area 3b of the somatosensory cortex as the site of N24 generation (Waberski et al. 1999) . this area of the somatosensory cortex receives input from the cerebellar cortex and deep cerebellar nuclei (Molinari et al. 2009 ).
the N24 amplitude increased following motor training, for both groups with no interactive effect of capsaicin cream. Other studies in the literature which have looked at sEP peak changes in individuals with pain (tinazzi et al. 2000, 2004) have not measured the N24 peak. the finding of a significant difference post-motor training for the N24 peak is consistent with several other motor learning studies which demonstrated cerebellar activation changes following learning tasks in work using PEt Jenkins et al. 1994 ) and one recent sEP study (haavik and Murphy 2013) . studies have shown that the cerebellum is associated with motor learning (Doyon and Ungerleider 2002; Manto and Bastian 2007; Molinari et al. 2007 ) and there is also evidence that the cerebellum plays a role in plastic changes and the adaptation of motor circuits (Doyon and Ungerleider 2002; apps and Garwicz 2005) . the cerebellum is also thought to play a role in sensory processing as functional imaging studies have demonstrated significant increases in cerebellar activation with tasks requiring the discrimination of sensory information (Gao et al. 1996) and with the passive manipulation of a limb by an experimenter (Jueptner and Weiller 1998) .
current evidence suggests that the N30 peak reflects the activation within a complex supraspinal network linking the thalamus, premotor areas, basal ganglia, and primary MI (Kanovsky et al. 2003; cebolla et al. 2011) and is thought to reflect sensorimotor integration (Rossi et al. 2003) . the amplitude of the P22-N30 complex was significantly increased following motor training in the intervention group which is in line with previous research in humans demonstrating that the N30 peak is modulated during chronic pain states. tinazzi et al. (2000) evoked sEPs by electrical stimulation of digital nerves of the right thumb and middle finger in patients who complained of pain to the right thumb after a right cervical monoradiculopathy and found that the amplitude of the N30 potential was greater after stimulation of the painful right thumb than those of the non-painful left thumb. Furthermore, tinazzi et al. (2004) recorded sEPs in patients with right primary trigeminal neuralgia and found that the amplitude of the N30 potential was greater following electrical stimulation of the right median nerve ipsilateral to the facial pain. In contrast to these studies, we observed a significant increase postmotor training in the intervention group, but not post-application. a possible reason for the difference is that these studies investigated patients with chronic pain, whereas we employed an acute experimental pain model. It may be that in the chronic pain state, there are neuroplastic changes in these neural generators which affect the response to the incoming afferent volley that have not occurred in the acute state. chronic pain may differentially modulate areas of the brain that are not affected with acute pain states. Early sEPs (e.g., 30 ms or less for the upper limb) represent processing subsequent to the arrival of the afferent volley at the area of the cNs where the various early sEP peaks are generated. Our finding of significant increases in the N30 peak following motor training in the intervention group is consistent with previous work demonstrating significant changes in the N30 peak following a repetitive motor activity (Murphy et al. 2003; haavik taylor and Murphy 2007) .
significant decreases in reaction time were observed for both groups, suggesting that motor training performance had improved for both the intervention and the placebo group. however, overall accuracy differed by group with post hoc testing indicating that the intervention group improved in accuracy following motor training while the placebo group performed more poorly post-intervention. however, since baseline accuracy performances were different at baseline with the placebo group having greater accuracy, the placebo group may have reached performance saturation, and what is actually being evaluated is a re-test measure of (reliability) performance. In order to address this limitation of our study, an important direction for future work is to pilot a motor training acquisition task with lower baseline accuracy to allow better ability to show improvements and decrements in performance.
Previous studies demonstrate motor learning deficits in association with acute experimental pain in both animal (Ferguson et al. 2006; hook et al. 2008 ) and human models (Flor 2003; schweinhardt et al. 2006) . In healthy humans, Boudreau et al. (2007) applied acute experimental pain to the tongue which was shown to impair the ability to learn a new motor task involving the tongue. We observed a paradoxical improvement in accuracy post-motor training in the intervention group. this difference is not explained by a simple Fitt's law speed-accuracy trade-off (Kelso 1992) because reaction time decreased for both groups, indicative of motor training acquisition.
In contrast to the work of others, our study investigated the effects of acute pain to the arm on a simple motor training task involving the fingers in young healthy humans. Our results suggest that there may be differing effects of pain on motor training performance. additionally, our site of experimental pain was remote to the area of motor performance as compared to the work of others (Boudreau et al. 2007 ) who demonstrated decreased tongue motor performance accuracy with capsaicin applied to the tongue as compared to a placebo group. the results of Boudreau et al. (2007) could be explained by modified performance of the training task during pain, as opposed to pain having a direct effect on plastic processes.
Research demonstrates that plasticity of the MI can be mediated by changes in attention (McGaughy et al. 2002; conner et al. 2003; Rosenkranz and Rothwell 2004; stefan et al. 2004) as the learning of motor tasks depends strongly on attentional resources (Nissen et al. 1987; hazeltine et al. 1997) . Previous studies have demonstrated disruptions in corticomotor plasticity when subjects focused their attention to a body part that was not involved in the training task (stefan et al. 2004 ). In contrast, Rosenkranz and Rothwell (2004) demonstrated that increased attention to a trained area can increase plastic changes in the brain. the disruption of corticomotor plasticity during pain is thought to be possibly due to diversion of attention away from training. We speculate that improved performance during pain is possibly due to attention to the region of the body undergoing training, as plasticity of the MI can be moderated by changes in attention (McGaughy et al. 2002; conner et al. 2003; Rosenkranz and Rothwell 2004; stefan et al. 2004 ).
Under certain circumstances, the presence of additional stimuli may increase the ability to detect or interpret a pattern of target stimuli (Verrillo et al. 1996; Zhang et al. 2009 ) and the acute pain in this study may have acted to focus attention and increase knowledge acquisition. several studies have compared a simultaneous target and secondary stimulus which actually lead to enhancement of the target stimuli (Verrillo et al. 1996; Zhang et al. 2009 ). Verrillo et al. (1996) found that submersion in water increased the sensitivity of the skin. In addition, Zhang et al. (2009) found that tactile detection was enhanced by non-noxious heat when heat is delivered at a non-noxious intensity with a target stimulus. these studies (Zhang et al. 2009; Verrillo et al. 1996) suggest that a stimulus which occurs during the acquisition of tactile information may provide improvement to knowledge acquisition. another study which is in line with these findings is a study by Passmore et al. (2014) . Passmore et al. (2014) had participants attempt to recreate the components of Morse code patterns and found that when paresthesia stimulation was present during acquisition, performance was significantly better than for the no-stimulation group. the results of Passmore et al. (2014) demonstrate that a context that is challenging for learning can facilitate performance. Our findings provide support for the enhancement of knowledge acquisition with the presence of nontarget stimuli (pain). In this study, the paradoxical findings of increased accuracy and decreased reaction time in the intervention condition may be explained by a secondary stimulus (pain) which draws attentional resources to the motor task, leading to improved accuracy and reaction time outcomes for the intervention participants as compared with the placebo group.
another possible reason for these differences was that the capsaicin was applied over the elbow and not directly over the muscles involved in the task which could explain the lack of effect of pain on performance as compared to the Boudreau study (2007) .
Conclusion
this work provides supportive evidence for sensorimotor integration areas in motor skill acquisition as demonstrated by significantly increased N24 sEP peak amplitude following motor training, and an interactive effect of pain and motor training on sensorimotor integration areas as demonstrated by significantly increased N30 sEP peak amplitude following motor training for the intervention group. Motor performance actually improved in the presence of pain, contrary to our hypothesis that it would worsen. as the improvement in performance in the presence of pain may have been caused through attentional mechanisms or through an increase in arousal during the painful stimulation, an important direction for future work is the comparison of the effects of local versus remote acute pain relative to the muscle(s) performing the motor training task. the current study adds to the understanding of how pain affects the response to motor training and has implications for those involved in athletic performance and rehabilitation.
